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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an optical module used in 
optical communications : and the like. 

Description of the Related Art 

An example of an optical module for optical com- 
munications is the light receiving module described in 
the reference (1991 Autumn Conference of Electronic 
Information Communications Association, B-652, 
"Broadband Receiver Module for 10 Gbit/s Optical 
Transmission", Keiichi Kitamura, et. al.)- A light receiv- 
ing module of this type will be described with reference 
to Fig. 28 and Fig. 29. 

Fig. 28 is a cross-sectional view of a light receiving 
module cut in the direction of the light emitted from an 
optical fiber. Fig. 29 is a perspective view giving a sche- 
matic illustration of a structure of a light receiving mod- 
ule fixed in a casing. 

As shown in Figs. 28 and 29 : the light receiving 
module comprises a light receiving element 303 for re- 
ceiving light from an optical fiber 301 ; an amplifier (amp) 
305 for amplifying the light receiving current converted 
by the light receiving element 303: a substrate 307 on 
which the light receiving element 303 and amp 305 are 
mounted; a holding unit 309 (carrier) on which the sub- 
strate 307 is fixed; and a casing 31 1 enclosing the carrier 
309. 

A window section 311a is provided in the case 311 
for introducing light from an optical fiber 301 into the 
case 31 1 . A lens 31 3 for focusing light from the optical 
fiber 301 is fixed in the window section 311a (Fig. 28). 
The amp 305 has a structure such that it is formed into 
an IC and incorporated into a semiconductor substrate 
of Si, or the like, and in the present specification, the 
whole structure including this substrate is called the 
'amp'. 

The light receiving element 303 and amp 305 are 
fixed by soldering to the same surface of a ceramic sub- 
strate 307. The ceramic substrate 307 is fixed by sol- 
dering to a side 309a of a carrier 309 made of ceramic 
(Fig. 28). Moreover, the carrier 309 is also fixed by sol- 
dering to the case 311. A spacer 315 is provided be- 
tween the carrier 309 and the case 311 in order to align 
the light-receiving section 303a of the light receiving el- 
ement 303 mounted on the carrier 309 with the vertical 
position of the light input to the case by the optical fiber 
301 (Fig. 28). Therefore, the light receiving module is 
constructed such that light emitted from the end section 
of the optical fiber 301 is focused by the lens 313 and 
arrives at the light-receiving section 303a of the light re- 
ceiving element 303 positioned in the case 311. 

A wiring pattern 317 is formed by metal plating onto 


the upper surface 309b of the carrier 309. The light re- 
ceiving element 303 and the amp 305, and the amp 305 
and the wiring pattern 31 7, are electrically connected by 
means of respective wires 319 (Fig. 29). 
5 The light receiving module is thus composed such 

that a light receiving current converted from light by the 
light receiving element 303 is amplified and voltage-con- 
verted by the amp 305 and can be output externally from 
the case as an output voltage. 
io The size of optical elements, such as light receiving 
elements, is approximately 0.5 mm square, and the size 
of a current controlling section, such as the amp, is ap- 
proximately 2 mm square. However, in a conventional 
light receiving module, a bonding pad region, or the like, 
75 is required for bonding between the current control sec- 
tion and the wiring pattern, and therefore the height of 
the side of the carrier, whereon the substrate is fixed, 
becomes approximately 4 mm, at the least. Moreover, 
the height of the case accommodating this carrier be- 
comes approximately 10 mm, at the least. 

In this way, in a conventional light receiving module, 
the dimensions of the module as a whole are large with 
respect to the dimensions of the optical element and cur- 
rent control section. Consequently, it has been difficult 
to achieve compactification of optical devices containing 
optical modules. 

Therefore, a compactified optica! module has been 
desired. 

In an optical module, the optical element, such as 
a light receiving element, must be positioned accurately 
with respect to the end of the optical fiber, in order to 
raise optical coupling efficiency with the optical fiber. In 
a conventional optical module, an optical element, such 
as a light receiving element, is first fixed to a substrate 
and then installed in an optical module by fixing the sub- 
strate to a carrier. In these respective fixing stages, it 
has been impossible to avoid positional shifting from the 
prescribed fixed position. Therefore, in conventional op- 
tical modules, it has been difficult to achieve accurate 
positional registration between the end of an optical fiber 
and the optical element, due to this positional shifting. 

Therefore, desirably, an optical module whereby ac- 
curate positional registration between an optical fiber 
and optical element can be readily achieved is desired. 

Moreover in a conventional optical module, the op- 
tical element, such as a light receiving element, and the 
current control section, such as an amp, are connected 
together by means of wires. Therefore, in a conventional 
optical module, the wiring between the optical element 
and current control section becomes long, the resonant 
frequency is towards the lower frequencies, thus making 
resonance liable to occur, and therefore making high- 
frequency signal transmission difficult to achieve. 

Therefore, even more desirably, an optical module 
which enables high-frequency signal transmission is de- 
sired. 
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SUMMARY OF THE INVENTION 

The present invention is premised on an optical 
module comprising an optical element, a current control 
section, and a holding section whereon the optical ele- 
ment and current control section are provided. In this 
optical module, the holding section comprises a first sur- 
face, and a second surface located in a plane which in- 
tersects with the plane containing the first surface. The 
optical element is provided on the first surface, and the 
current control section is installed on the second sur- 
face. As well as perfect planes, the first and second sur- 
faces may include planes which are gently curved. In 
this case, the plane containing the first surface indicates 
a plane extending practically along the first surface, and 
the plane where the second surface is located indicates 
a plane extending practically along the second surface. 

According to this arrangement, the optical element 
and the current control section are located in different 
planes which are mutually intersecting. Therefore, the 
module as a whole can be compactified in comparison 
with cases where the optical element and the current 
control section are located in the same plane. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the first 
surface and second surface are respectively located in 
planes which are virtually perpendicular to each other. 

According to another aspect of the present inven- 
tion an arrangement may be adopted wherein the hold- 
ing section comprises a flexible sheet-shaped carrier, to 
the surface of which the optical element and current con- 
trol section are fixed, and a holding member which sup- 
ports this sheet-shaped carrier. 

According to this arrangement, since the optical el- 
ement and current control section are readily mounted 
on the sheet-shaped carrier, work efficiency in the man- 
ufacture of the optical module is raised. Furthermore, 
since, after mounting the optical element and current 
control section, the sheet-shaped carrier can be bent 
and mounted along the contour of the holding member, 
work efficiency in the manufacture of the optical module 
is raised. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein, when 
the holding member has an approximately rectangular 
parallelepiped shape, the portion of the sheet-shaped 
carrier whereon the current control section is fixed is lo- 
cated on one surface of the holding member, and the 
portion of the sheet-shaped carrier whereon the optical 
element is fixed is located on a surface of the holding 
member adjacent to the aforementioned one surface. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the one 
surface of the holding member is the top surface of the 
holding member. 

According to this arrangement, the optical element 
is positioned on a side of the holding member. There- 
fore, it is possible to form the holding member to a height 


dependent on the length of the shorter sides of the op- 
tical element. Consequently, the height of the optical 
module can be reduced. 

According to another aspect of the present inven- 

5 tion, an arrangement may be adopted wherein the opti- 
cal element is fixed to one surface of the sheet-shaped 
carrier, the current control section is fixed to another sur- 
face of the sheet-shaped carrier, a recess section is pro- 
vided in the holding member, and the sheet-shaped car- 

f 0 rier is held by the holding member such that the current 
control section is accommodated in the recess section. 

According to this arrangement, since the current 
control section is accommodated in the recess section, 
the height of the optical module is reduced. 

15 According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein an optical 
element sealing section for sealing the optical element 
is provided. 

According to this arrangement, the possibility of the 
20 optical element being damaged during manufacture or 
use of the optical module is reduced. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the opti- 
cal element sealing section is formed by transfer mould- 
25 ing using a transparent material. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein a recess 
section for inserting the end of an optical fiber is provid- 
ed in the optical element sealing section. 
30 According to this arrangement, positional registra- 
tion between the optical fiber and optical element is 
completed simply by inserting the end of the optical fiber 
into the recess section. Therefore, accurate positional 
registration between the optical element and the end of 
35 the optical fiber can be achieved readily. Consequently, 
work efficiency in the manufacture of the optical module 
is raised. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the lower 
^0 surface of the recess section is provided with a shape 
and dimensions corresponding to the end of an optical 
fiber. 

According to this arrangement positional registra- 
tion between the optical fiber and optical element can 
45 be conducted more accurately. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein a current 
control section sealing section for sealing the current 
control section is provided, 
so According to this arrangement, the possibility of the 
current control section being damaged during manufac- 
ture or use of the optical module is reduced. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the opti- 
cs cal element is a light receiving element, and the current 
control section is an amplifier. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the opti- 
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cal element is a light-emitting element and the current 
control section is a driver IC. 

Another aspect of the present invention is premised 
on an optical module comprising an optical element., a 
current control section, and a holding member for hold- $ 
ing the optical element and current control section. In 
this optical module, the current control section is provid- 
ed on the holding member and the optical element is 
provided on the upperside or active area side surface of 
the current control section. w 

According to this arrangement: since the optical el- 
ement and the current control section form a layered 
structure, the optical module is small in size. 

According to another aspect of the present inven- 
tion an arrangement may be adopted wherein the opti- ?5 
cal element is bonded to the current control section by 
bumps. 

According to this arrangement, connection between 
the optical element and the current control section is 
made by means of the bumps. Therefore, wiring induct- 20 
ance is reduced compared to conventional metal wiring, 
and transmission of higher frequency signals becomes 
possible. 

According to another aspect of the present inven- 
tion an arrangement may be adopted wherein the hold- 25 
ing section comprises a metal plate, and the current con- 
trol section is provided on the metal plate. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein a first 
step section is formed by the holding member, and there 30 
is also provided a casing having an opening comprising 
a second step section of complementary shape to the 
first step section around the perimeter thereof. 

According to this arrangement, positional registra- 
tion of the optical fiber with respect to the casing is com- 35 
pleted simply by mounting the holding section, to which 
the current control section is attached, onto the casing, 
by coupling the first step section and the second step 
section. Consequently, accurate positional registration 
between the optical element and the end of the optical 40 
fiber is achieved simply by positional registration of the 
end of the optical fiber with respect to the casing. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein a cover- 
ing section for covering the optical element and the cur- 45 
rent control section is provided. 

According to this arrangement, the possibility of the 
optical element and current control section being dam- 
aged is reduced. 

According to another aspect of the present inven- so 
tion, an arrangement may be adopted wherein a first 
coupling section is formed by the covering section, and 
there is also provided a casing having an opening com- 
prising a second coupling section of complementary 
shape to the first coupling section around the perimeter ss 
thereof. 

According to this arrangement, positional registra- 
tion of the optical fiber with respect to the casing is com- 
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pleted simply by installing the holding section, to which 
the current control section is attached, to the casing, by 
coupling the first coupling section and second coupling 
section. Therefore, accurate positional registration be- 
tween the optical element and the end of the optical fiber 
is achieved simply by positional registration of the end 
of the optical fiber with respect to the casing. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein, when 
the optical element is an optical element provided with 
a light-receiving section or light-emitting section at the 
side end surface thereof, a groove is formed in the up- 
perside or active area side surface of the current control 
section to accommodate the end portion of an optical 
fiber. 

According to this arrangement, positional registra- 
tion of the end of an optical fiber with respect to the op- 
tical element is completed simply by accommodating 
the end of the optical fiber in the groove. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the 
groove has a V-shaped cross-section. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the opti- 
cal element is a light receiving element, and the current 
control section is an amplifier. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the opti- 
cal element is a light-emitting element, and the current 
control section is a driver IC. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the hold- 
ing section is a plate-shaped member, the first surface 
is one side of the plate-shaped member, the second sur- 
face is the upper surface of the plate-shaped member, 
and the current control section is incorporated in the up- 
per surface of the plate-shaped member. 

According to this arrangement, since the current 
control section is positioned inside the holding section, 
which is formed by a plate-shaped member, the overall 
module is further compactified. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the one 
side, whereon the optical element is provided, is a sur- 
face obliquely angled with respect to the plane intersect- 
ing perpendicularly with the lower surface of the plate- 
shaped member. 

Furthermore, according to another aspect of the 
present invention, an arrangement may be adopted 
wherein, when the plate-shaped member is a silicon wa- 
fer, the obliquely angled surface is formed along the 
crystal surface of the silicon wafer. 

According to this arrangement, it is possible to 
achieve a uniform angle of the oblique surface in a plu- 
rality of optical modules, thereby reducing product var- 
iation. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the hold- 


4 


BNSDOCID: <EP 08S386 1A2_I_> 


7 


EP 0 893 861 A2 


8 


ing member is a plate-shaped member, the first surface 
is one side of ihe plate-shaped member, the second sur- 
face is the upper surface of the plate-shaped member 
and the current control section is provided directly onto 
the upper surface of the plate-shaped member. s 

Furthermore., according to another aspect of the 
present invention, an arrangement may be adopted 
wherein a recess section capable of accommodating the 
current control section is formed in the upper surface, 
and the current control section is positioned in the re- 10 
cess section. 

According to this arrangement, since the current 
control section is positioned in the holding section, 
which is formed by a plate-shaped holding member, the 
overall module is further compactified. is 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the one 
side, whereon the optical element is provided, is angled 
obliquely with respect to the plane intersecting perpen- 
dicularly with the lower surface of the plate-shaped 20 
member. 

According to another aspect of the present inven- 
tion, an arrangement may be adopted wherein the plate- 
shaped member is provided, internally with a capacitor 
for preventing oscillation of the optical element. 25 

According to this arrangement, it is possible to pre- 
vent oscillation of the optical element, without increasing 
the dimensions of the optical module. 

BRIEF DESCRIPTION OF THE DRAWINGS 30 

Fig. 1 is a schematic perspective view showing the 
structure of a light receiving module according to a 
first embodiment: 

Fig. 2 is a plan view of a tape carrier mounted to the 35 
light receiving module according to the first embod- 
iment; 

Fig. 3 is a view showing a light receiving module 
according to a second embodiment, and it shows a 
sectional view cut in the direction in which light en- 40 
ters the light receiving module; 
Fig. 4 is a view showing a light receiving module 
according to a third embodiment, and it shows a 
sectional view cut in the direction in which light en- 
ters the light receiving module; 45 
Fig. 5 is a schematic perspective view showing a 
state where a light receiving element array and an 
amp fixed to a tape carrier are sealed respectively 
by means of transparent material, in the third em- 
bodiment; 50 
Fig. 6 is an enlarged approximate perspective view 
of a portion of a light receiving element array sealing 
section in a light receiving module according to a 
fourth embodiment; 

Fig. 7 is a sectional view along line VII - VII in Fig. 55 
6, and it shows a state where the end of an optical 
fiber is inserted into a recess section in the light re- 
ceiving element array sealing section; 


Fig. 8 is a schematic perspective view showing the 
appearance of a light receiving module according 
to a fifth embodiment: 

Fig. 9 is a schematic side view showing the internal 
structure of a light receiving module according to 
the fifth embodiment; 

Fig. 1 0 is a schematic perspective view showing the 
state of a light receiving module according to the 
fifth embodiment during manufacture; 
Fig. 1 1 is a schematic view showing a state where 
a light receiving module according to the fifth em- 
bodiment is mounted in a casing; 
Fig. 1 2 is a schematic perspective view showing the 
external appearance of a light receiving module ac- 
cording to a sixth embodiment; 
Fig. 13 is a schematic view showing a state where 
a light receiving module according to the sixth em- 
bodiment is mounted in a casing; 
Fig. 14 is a schematic view showing a further use 
example of a light receiving module according to the 
sixth embodiment; 

Fig. 15 is a schematic sectional view showing the 
internal structure of a light receiving module accord- 
ing to a seventh embodiment; 
Fig. 16 is a schematic drawing showing a state 
where a light receiving module according to the sev- 
enth embodiment is mounted in a casing; • 
Fig. 1 7 is a schematic perspective view showing the 
external appearance of a light receiving module ac- 
cording to an eighth embodiment; 
Fig. 18 is a schematic view showing a state where 
a light receiving module according to the eighth em- 
bodiment is mounted in a casing; 
Fig. 1 9 is a schematic side view showing the struc- 
ture of a light receiving module according to a ninth 
embodiment; 

Fig. 20 is a schematic perspective view showing the 
form of an amp used in the arrangement of the light 
receiving module according to the ninth embodi- 
ment; 

Fig. 21 is a schematic perspective view showing the 
internal structure of a light receiving module accord- 
ing to a tenth embodiment; 

Fig. 22 is a schematic side view of a light receiving 
module; 

Fig. 23 is a schematic perspective view showing the 
arrangement of a light receiving module according 
to an eleventh embodiment; 

Fig. 24 is a schematic perspective view showing the 
arrangement of a plate-shaped member, which is a 
holding section provided in a light receiving module 
according to a twelfth embodiment; 
Fig. 25 is a schematic vertical cross-sectional view 
showing the arrangement of a light receiving mod- 
ule according to the twelfth embodiment; 
Fig. 26 is a schematic vertical cross-sectional view 
showing the arrangement of a plate-shaped mem- 
ber, which is a holding section in a light receiving 
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module according to a thirteenth embodiment; 
Fig. 27 is an enlarged perspective view showing a 
portion of the plate-shaped member of a light re- 
ceiving module according to the thirteenth embod- 
iment; 5 
Fig. 28 is a cross-sectional view of a conventional 
light receiving module cut in the direction of light 
emitted from an optical fiber: and 
Fig. 29 is a perspective view giving a schematic il- 
lustration of a structure wherein a conventional light 10 
receiving module is fixed inside a casing. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

75 

Now : embodiments of the present invention is de- 
scribed with reference to the drawings. The drawings 
simply provide schematic illustrations for the purpose of 
understanding the present invention, but the invention ' 
is not limited by these illustrated examples. Further- 20 
more, in the drawings, the hatching (diagonal lines) in- 
dicating a cross-section, has been omitted in certain 
places, in order to make the views easier to understand. 

(First embodiment) 25 

A light receiving module according to a first embod- 
iment of the present invention is now described with ref- 
erence to Fig. 1 and Fig. 2. Fig. 1 is a perspective view 
giving a schematic illustration of the structure of a light 30 
receiving module 10 according to the first embodiment. 
Fig. 2 is a plan view of a tape carrier. 

As illustrated in Fig. 1, light receiving module 10 
comprises a hold section which includes a holding mem- 
ber 1 2 and a tape carrier 1 4. The holding member 1 2 is 3S 
made from a ferrous metal and has a generally rectan- 
gular parallelepiped shape. The tape carrier 1 4 is a car- 
rier in the form of a elongated, flexible sheet, wherein a 
thin copper film is sandwiched between polyimide films. 
The tape carrier 1 4 is supported by the holding member 40 
1 2 such that it covers the top surface 1 2a and one side 
12b of the holding member 12. 

As shown in Fig. 1 and Fig. 2, a light receiving ele- 
ment array 16 and an amp 18, which forms a current 
control section, are provided on one surface of the tape 4$ 
carrier 14. The light receiving element array 16 has es- 
sentially a thin rectangular parallelepiped shape (sub- 
stantially rectangular shape), and it is positioned such 
that the longer edges thereof align with the shorter edge 
of the tape carrier 1 4 at an end portion of the tape carrier so 
14 in the longitudinal direction thereof. 

The light receiving element array 16 as an optical 
element contains a plurality of light receiving elements 
(not shown) arranged in a row. A light receiving element 
is an element which generates electrical current in re- 55 
sponse to received light. The light receiving elements in 
the light receiving element array 16 are surface-type 
light receiving elements, and the light receiving element 


array 1 6 is provided in the light receiving module 1 0 such 
that the light-receiving surfaces of the light receiving el- 
ements face in the opposite direction to the tape carrier 
14. 

The amp 18 is positioned towards the other end of 
the tape carrier 14 from the centre thereof. The amp 18 
is composed such that it amplifies, and converts the volt- 
age of, the current generated by the light receiving ele- 
ments. The height of the holding member 1 2 is set slight- 
ly longer than the length of the shorter sides of the light 
receiving element array 16. 

The light receiving element array 16 is mounted on 
a light receiving element array pattern 20 formed on one 
side of the tape carrier 14. The light receiving element 
array pattern 20 is formed by removing a portion of the 
polyimide film on one side of the tape carrier 14 to ex- 
pose the copper thin film, and then plating metal onto 
the exposed copper. The light receiving element array 
16 is fixed to this light receiving element array pattern 
20 using a chip-fixing material, such as solder, silver 
paste, or the like. 

The amp 18 is mounted on an amp pattern 22 
formed on one side of the tape carrier 14. Similarly to 
the light receiving element array pattern 20, the amp pat- 
tern 22 is formed by removing a portion of polyimide film 
on one side on the tape carrier 1 4 to expose the copper 
thin film, and then plating metal onto the exposed cop- 
per. The amp 18 is fixed to this amp pattern 22 using a 
chip-fixing material, such as solder, silver paste, or the 
like. 

A plurality of rectangular first wiring patterns 24 are 
formed in parallel in the region between the light receiv- 
ing element array pattern 20 and the amp pattern 22 on 
the tape carrier 14. The first wiring patterns 24 are 
formed in a similar manner to the light receiving element 
pattern 20. Furthermore, a plurality of rectangular sec- 
ond wiring patterns 26 are formed in parallel on the other 
end of the amp pattern 22 on the tape carrier 14. These 
second wiring patterns 24 are also formed in a similar 
manner to the light receiving element pattern 20. 

The light receiving element array 16 and the first 
wiring patterns 24 are electrically connected by metal 
wires 28. The first wiring patterns 24 and the amp 18 
are electrically connected by metal wires 30. Further- 
more, the amp 1 8 and the second wiring patterns 26 are 
electrically connected by means of metal wires 32. 
Therefore, the light receiving module 10 is composed 
such that the current generated by the light receiving 
element array 16 is amplified and voltage-converted by 
the amp 18, and then transmitted externally via the sec- 
ond wiring patterns 26. 

The tape carrier 14 comprises a pair of installation 
sections 34, 34. The installation sections 34 are rectan- 
gular sections formed by incorporating a copper film. 
The installation sections 34, 34 are formed respectively 
such that they project from a position outside the light 
receiving element array pattern 20 in the lateral direction 
thereof to a position outside the tape carrier 14 in the 
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lateral direction thereof. Therefore, the installation sec- 
tions 34 are provided in a position on a line extending 
in the longitudinal direction of the light receiving element 
array 16. 

As illustrated in Fig. 1 t the installation sections 34 
are fixed to one side 12b of the holding member 12 by 
means of solder, or the like. Therefore, the portion of the 
tape carrier 1 4 whereon the light receiving element array 
16 is attached is fixed to the side 12b of the holding 
member 12 by means of the installation section 34. The 
portion of the tape carrier 1 4 whereon the amp 1 8 is fixed 
is positioned such that it covers the top surface 12a of 
the holding member 12. In this way, the tape carrier 14 
is bent and positioned such that it extends along the side 
12b and the top surface 12a of the holding member 12. 
Accordingly, the light receiving element array 16 is po- 
sitioned on the side 1 2b of the holding member 12 such 
that its shorter edges (namely, the shorter edges when 
observed in plan view), run in parallel to the vertical di- 
rection of the holding member 1 2, as illustrated in Fig. 1 . 

In this light receiving module 10 : the portion of the 
tape carrier 1 4 whereon the light receiving element array 
16 is mounted corresponds to a first surface, and the 
portion of the tape carrier 14 whereon the amp 18 is 
mounted corresponds to a second surface. The second 
surface is located in a plane which intersects with the 
plane containing the first surface. More specifically in 
the light receiving module 10, the first surface and the 
second surface are located in a virtually perpendicular 
relationship. Therefore, in the light receiving module 10, 
the light receiving element array 16 and the amp 18 are 
mounted on surfaces which are virtually perpendicular 
to each other. 

The light receiving module 10 having the foregoing 
structure is installed in a casing (not shown). One end 
of an optical fiber is connected to the casing in order to 
guide light to the light receiving elements. Wiring is also 
provided in the casing in order to extract an electrical 
signal, amplified and voltage-converted by the amp 18, 
via the second wiring patterns 26. 

In the light receiving module 10 having the forego- 
ing structure, only the portion of the tape carrier 1 4 wher- 
eon the light receiving element array 1 6 is attached, is 
fixed to the side 12b of the holding member 12, and the 
portion of the tape carrier 1 4, whereon the amp 1 8 form- 
ing a current control section is attached, is positioned 
on the top surface 1 2a of the holding member 1 2. There- 
fore, the holding member 12 can be formed to a height 
which is dependent only on the dimensions of the light 
receiving element array 16. 

Moreover, in the light receiving module 10, the light 
receiving element array 1 6 is positioned on the side 1 2b 
of the holding member 12 such that its shorter edges 
run in parallel to the vertical direction of the holding 
member 12. Therefore, the height of the holding mem- 
ber 1 2 is dependent on the length of the shorter edges 
of the light receiving element array 16. 

Consequently, the height of the holding member 


can be reduced compared to conventional light receiv- 
ing modules, where both the light receiving element ar- 
ray and the amplifier are fixed to the same side of the 
holding member. Consequently, compactification of the 

5 light receiving module can be achieved. 

In a light receiving module 10 having the foregoing 
structure, the light receiving element array and the amp 
can be fixed readily to the tape carrier 1 4. Therefore, the 
efficiency of the manufacturing process for the light re- 

io ceiving module is improved. 

(Second embodiment) 

Next, a light receiving module 40 according to a sec- 
'5 ond embodiment will be described with reference to Fig. 
3. In essence, the light receiving module 40 has the 
same structure as the light receiving module 10 accord- 
ing to the first embodiment. Therefore, here, only points 
which differ form the light receiving module 10 according 

20 to the first embodiment will be described, and points 
which are the same as the light receiving module 10 ac- 
cording to the first embodiment are given similar refer- 
ence numerals as the light receiving module 10 and de- 
tailed description thereof is omitted. 

25 Fig. 3 shows the light receiving module 40 accord- 
ing to the second embodiment, and it gives a sectional 
view cut in the direction in which light enters the light 
receiving module. 

As shown in Fig. 3, the light receiving module 40 is 

30 provided with a rectangular parallelepiped shaped hold- 
ing member 42 and a tape carrier 44. A recess section 
46 is formed in the top surface 42a of the holding mem- 
ber 42. This recess section 46 has dimensions such that 
it can accommodate an amp 18, which forms a current 

35 control section, and it is provided in a position where it 
can accommodate the amp 1 8, when the tape carrier 44 
to which a light receiving element array 16 and amp 18 
are fixed is mounted on the holding member 42. 

In the light receiving module 40, the light receiving 

40 element array 16 is fixed to one side of the tape carrier 
44 by means of a simitar method to that in light receiving 
module 10. Furthermore, in the light receiving module 
40, the amp 18 is fixed to another surface of the tape 
carrier 44 by means of bumps 48, 48. The light receiving 

45 element array 16 and the amp 18 are electrically con- 
nected such that the current generated by the light re- 
ceiving element array 16 can be amplified and voltage- 
converted by the amp 18, and then transmitted exter- 
nally from the light receiving module 40. Therefore, the 

50 tape carrier 44 has essentially the same structure as the 
tape carrier 14 in light receiving module 10, but since 
the light receiving element array 16 and the amp 18 are 
provided on opposite surfaces, it comprises different 
wiring patterns to the tape carrier 14. 

55 in the light receiving module 40 having the forego- 
ing structure, it is possible to reduce the height of the 
holding member. Therefore, it is possible to achieve 
compactification of the light receiving module. 
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Moreover in the light receiving module 40, the light 
receiving element array 1 6 and the amp 1 8 can be fixed 
readily to the carrier 44. Therefore, the efficiency of the 
manufacturing process for the light receiving module is 
improved. 

Moreover in the light receiving module 40 : the amp 
18 fixed to the tape carrier 44 is accommodated in the 
recess section 46 in holding member 42. Therefore., the 
height of the light receiving module 40 can be reduced 
by an amount corresponding to the thickness of the amp 
18 : and hence even further compactification of the light 
receiving module can be achieved. 

Moreover since the amp 18 is fixed to the tape car- 
rier 44 by means of bumps 48, it is possible to form a 
portion of the wiring from the amp 1 8 by means of these 
bumps 48. Therefore, it is possible to reduce wiring in- 
ductance compared to cases where metal wires are 
used, thereby enabling higher frequency signals to be 
transmitted. 

(Third embodiment) 

Next, a light receiving module 50 according to a 
third embodiment will be described with reference to Fig. 
4 and Fig. 5. 

Fig. 4 shows a light receiving module 50 according 
to a third embodiment: and it gives a cross-sectional 
view cut in the direction in which light enters the light 
receiving module. Fig. 5 is a perspective view giving a 
schematic illustration of an aspect wherein a light receiv- 
ing element array and an amp fixed to a tape carrier are 
sealed respectively by means of transparent material. 

As shown in Fig. 4, the light receiving module 50 
comprises a casing 52, which forms a holding member 
and a tape carrier 54. In Fig. 4 : the casing 52, a portion 
of which is omitted, is a box-shaped casing. 

A light receiving element array 16 and an amp 18 
are fixed to the tape carrier 54. The methods of fixing 
and connecting the light receiving element array 1 6 and 
the amp 18 are similar to those in the light receiving 
module 40 according to the second embodiment. In oth- 
er words, the light receiving element array 1 6 is fixed by 
soldering to one surface of the tape carrier 54. The light 
receiving elements in the light receiving element array 
16 are surface-type light receiving elements. In the light 
receiving module 50, the light receiving element array 
16 is mounted to the tape carrier 54 such that the light- 
receiving surfaces of the light receiving elements face 
in an opposite direction to the tape carrier 54. 

The amp 18 is fixed to the another surface of the 
tape carrier 54 by means of bumps 48. In the light re- 
ceiving module 50, a wiring pattern 56 is formed for the 
light receiving element array 16 and the amp 18 such 
that the current generated by the light receiving element 
array 1 6 is amplified and voltage-converted by the amp 
18 and then transmitted externally (Fig. 5). 

The light receiving module 50 is provided with a light 
receiving element array sealing section 58 which seals 


14 

the light receiving element array 16. After connection of 
the light receiving element array 16 has been complet- 
ed, the light receiving element array sealing section 58 
is formed by transfer moulding using a transparent 
s epoxy resin : such that it seals the region of the tape car- 
rier 54 whereon the light receiving element array 16 is 
fixed. 

The light receiving module 50 also comprises an 
amp sealing section 60 for sealing the amp 18. After 

10 connection of the amp 1 8 has been completed, the amp 
sealing section 60 is formed by sealing the region of the 
tape carrier 54 whereon the amp 18 is fixed by means 
of transfer moulding using an epoxy resin. 

In this way ; the region where the light receiving el- 

15 ement array 16 is fixed and the region where the amp 
18 is fixed are respectively covered by transparent 
epoxy resin. The shape of these sealing sections 58, 60 
takes the shape of the metal mould used in transfer 
moulding. 

20 The tape carrier 54 is provided with installation sec- 
tions 34 similar to those in the light receiving module 10 
according to the first embodiment. 

The casing 52 comprises a fixing member 62 for fix- 
ing the tape carrier 54. The fixing member 62 is a wall- 

25 shaped member which extends upwardly from the base 
of the casing 52. 

The tape carrier 54 is fixed to the fixing member 62 
by means of fixing sections 34 such that the portion 
thereof whereon the light receiving element array 16 is 

30 fixed extends upwards along the fixing member 62, and 
the portion thereof whereon the amp 18 is fixed extends 
in a virtually horizontal direction, which is perpendicular 
to the direction in which the fixing member 62 extends. 
In the light receiving module 50, the portion of the 

35 tape carrier 54 whereon the tight receiving element array 
16 is mounted corresponds to a first surface, and the 
portion of the tape carrier 54 whereon the amp 18 is 
mounted corresponds to a second surface. The second 
surface is located in a plane which intersects with the 

40 plane containing the first surface. More specifically, in 
the light receiving module 50, the first surface and the 
second surface are positioned in a virtually perpendic- 
ular relationship. Therefore, in the light receiving module 
50, the light receiving element array 16 and the amp 1.8 

45 are provided in planes which are virtually perpendicular 
to each other. 

An opening section 66 is formed in the casing 52 in 
order to introduce light from an optical fiber 64 into the 
casing 52. A lens 68 for focusing light from the optical 

50 fiber 64 is provided in this opening section 66. 

In the light receiving module 50, the elements are 
positioned such that light focused by the lens 68 arrives 
at the light receiving element array 1 6 on the tape carrier 
54 attached to the fixing member 62 in a highly efficient 

55 manner 

Furthermore, a lead 69 is fixed by solder or the like, 
to the end of the wiring pattern 56 t and is composed 
such that the output from the amp 18 is transmitted ex- 
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ternally. 

In the light receiving module 50 having the forego- 
ing structure, it is possible to reduce the height of the 
casing which forms a holding member, and therefore 
compact if icat ion of the light receiving module can be $ 
achieved. 

Furthermore, in the light receiving module 50, the 
light receiving element array and the amp can be fixed 
readily to the tape carrier 54. Therefore, the efficiency 
of the manufacturing process for the light receiving mod- io 
ule can be improved. 

Furthermore, since the amp 18 is mounted to the 
tape carrier 54 by means of bumps 48 : a portion of the 
wiring from the amp 18 can be replaced with the bumps 
48. Therefore, the wiring inductance can be reduced * 5 
compared to when metal wires are used, and hence sig- 
nals of higher frequency can be transmitted. 

Moreover, in the light receiving module 50, since the 
light receiving element array 16 and the amp 18 are 
formed by moulding, the amp or light receiving element 20 
array will not contact surrounding elements, causing 
breakdown, during manufacture or use of the light re- 
ceiving module 50. Furthermore, since they are sealed 
by epoxy resin, it is not necessary for the case itself to 
be sealed, and the durability of the light receiving mod- 25 
ule 50 is also improved. 

(Fourth embodiment) 

Next, a light receiving module 70 according to a 30 
fourth embodiment is described with reference to Fig. 6 
and Fig. 7. Generally, the light receiving module 70 has 
the same structure as the light receiving module 50 in 
the third embodiment. Therefore, here, only points 
which differ from the light receiving module 50 in the 35 
third embodiment are described, and points which are 
similar to the light receiving module 50 in the third em- 
bodiment are denoted by the same reference numerals 
as light receiving module 50 and description thereof is 
omitted here. 40 

Fig. 6 is an enlarged perspective view of a portion 
of the light receiving element array sealing material in 
the light receiving element array according to the fourth 
embodiment. Fig. 7 is a sectional view taken along line 
Vll-VH in Fig. 6, and it shows a state where the end of 4$ 
an optical fiber is inserted into a recess section of the 
light receiving element array sealing material. 

As shown in Fig. 6, in the light receiving module 70, 
recesses 74 are formed in the light receiving element 
array sealing section 72. The recesses 74 have a out- so 
wardly enlarging frustoconical-shape. The recesses 74 
are formed in positions over the light-receiving sections 
of the light receiving element array 16. The bottom sur- 
faces 74a of the recesses 74 have virtually the same 
dimensions and shape as the tip end of an optical fiber ss 
76. In the light receiving module 70, the end portion of 
an optical fiber 76 is inserted directly into a recess 74, 
and light emitted from the optical fiber 76 is directed into 


the light receiving element array 16. Therefore, no lens 
is provided in the light receiving module for focusing the 
light from the optical fiber. Consequently, in the light re- 
ceiving module 70, a hole, or the like, is formed for in- 
troducing an optical fiber into the casing. 

When manufacturing a light receiving module 70, 
the light receiving element array and amp are fixed to a 
tape carrier 54 and sealing sections are formed by 
moulding. Thereupon, the tape carrier 54 is attached to 
a casing, and the ends of optical fibers are introduced 
into the casing and inserted into the recesses 74 in the 
light receiving module sealing section 72. By means of 
this insertion : the process of positioning the ends of the 
optical fibers 76 with respect to the light receiving ele- 
ment array 16 is completed. 

In a light receiving module 70 having the foregoing 
structure, compactification can be achieved for similar 
reasons to the light receiving module 50 in the third em- 
bodiment., and furthermore, merits can be obtained in 
that it is possible to prevent the amp or tight receiving 
element array from contacting surrounding elements 
during manufacture and use, and the case does not 
need to be sealed, etc. 

Moreover, in the light receiving module 70, since po- 
sitional registration between the optical fibers 76 and the 
light receiving element array 16 is completed simply by 
inserting the ends of the optical fibers 76 into recesses 
74 in the light receiving element array sealing section 
72, the manufacturing process is simplified. 

(Fifth embodiment) 

Next, a light receiving module 80 according to a fifth 
embodiment will be described with reference to Fig. 8 
to Fig. 11. 

Fig. 8 is a schematic perspective view showing the 
external appearance of a light receiving module 80 ac- 
cording to the fifth embodiment. Fig. 9 is a schematic 
view showing the internal structure of the light receiving 
module 80. Fig. 10 is a schematic perspective view 
showing the state of a light receiving module 80 during 
manufacture. Fig. 11 is a schematic view of a state 
where a light receiving module 80 is installed in a casing. 

As shown in Fig. 8 and Fig. 9, the light receiving 
module 80 comprises an amp installation member 82, 
which is a copper plate, an amp 18, which forms a cur- 
rent control section, and a light receiving element array 
16. 

The amp 1 8 is fixed to the amp installation member 
82 by means of dice bonding, Furthermore, the light re- 
ceiving element array 16 is fixed to the upper surface 
(top surface) 18a of the amp 18 by means of dice bond- 
ing. The light receiving elements in the light receiving 
element array 16 are surface-type light receiving ele- 
ments, and in the light receiving module 80, the light re- 
ceiving element array 1 6 is mounted on the amp 1 8 such 
that the light-receiving surfaces of the light receiving el- 
ements face in the opposite direction to the amp 1 8. 
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The light receiving element array 1 6 is mounted on 
the upper side or active area side surface 1Sa of the 
amp 18 outside the active region thereof. Copper lead 
members 84 are positioned adjacent to the amp instal- 
lation member 82. The light receiving element array 16 
and the amp 18, and the amp 18 and the lead members 
84 are each connected electrically by means of wire 
bonding using metal wires 86. Furthermore ! the amp in- 
stallation member 82, amp 18, light receiving element 
array 16 and the end portions of one end of the lead 
members 84 are sealed by a covering section 88 formed 
by moulding a transparent resin. 

The amp installation member 82 is provided with a 
pair of installation sections 90, 90 on the two ends there- 
of. As illustrated in Fig. 8, the installation portion 90 ex- 
ternally projects from the covering section 88. The in- 
stallation portion 90 is used for fixing the light receiving 
module 80 in a casing. 

The amp installation member 82 and the lead mem- 
bers 84 are formed by severing cutting sections 94 from 
a copper sheet lead frame 92 formed in the shape illus- 
trated in Fig. 10. 

As shown in Fig. 10, the lead frame 92 comprises 
a region (amp fixing region) 82 forming the amp instal- 
lation member 82, a region 84 forming the lead mem- 
bers 84, and regions 90 forming the installation sections 
90. Moreover, cutting sections 94 which are severed in 
the subsequent processing are also provided in the lead 
frame 92. 

When manufacturing a light receiving module S0 : 
first, the amp 1 8 is fixed by dice bonding to the amp fixing 
region 82 of the lead frame 92 : and the light receiving 
element array 16 is then fixed to the upper surface 18a 
of this amp 18 by dice bonding. Thereupon, the light re- 
ceiving element array 16 and amp 18, and the amp 18 
and lead members 84 are connected respectively by 
means of wire bonding using metal wires 86. 

Next, the amp 18, and the like, for which wiring has 
been completed, is sealed by a covering section 88 
formed by a transparent resin. Here, the other end por- 
tions of the lead members 84 and the installation sec- 
tions 90 project externally from the covering section 88. 
Finally, the cutting sections 94 of the lead frame 92 are 
severed and a light receiving module 80 is obtained. 

The light receiving module 80 is fixed inside a cas- 
ing 96, as illustrated in Fig. 11. For example, here, the 
light receiving module 80 is fixed inside the casing 96 
by, for example, fixing the installation section 90 to a pro- 
jecting section 98 provided in advance in the casing 96. 

As shown in Fig. 11 , the other end portions of the 
lead members 84 project outside the casing 96, and 
form output terminals whereby a current amplified by the 
amp 18 can be transmitted. An opening section 99 is 
formed in the casing 96 for introducing light from an op- 
tical fiber 64 into the casing 96. A lens 68 for focusing 
the light from the optical fiber 64 is located in the opening 
section 99. 

In the casing 96, the elements are positioned such 


that light focused by the lens 68 arrives at the light re- 
ceiving element array 16 in the light receiving module 
80 installed on the projecting section 98 in a highly effi- 
cient manner. 

5 In this light receiving module 80, since the light re- 
ceiving element array 16 is provided on the upper sur- 
face 1 8a of the amp 1 8 : it is possible to reduce the length 
of the wiring between the light receiving element array 
16 and the amp 18. Therefore, the resonant frequency 

10 can be shifted to a higher frequency, thereby enabling 
high-frequency signal transmission. 

Furthermore, the light receiving element array 16 
and the amp 1 8 are fixed by means of a thin metal plate, 
and form a structure wherein the light receiving element 

15 array is mounted on the amp, and therefore the dimen- 
sions thereof can be reduced. Consequently, a smaller 
size of casing can also be used. 

The material of the lead frame 92 is not limited to 
copper plate, for example, an iron or 42 alloy plate may 

20 be used. 

Furthermore, the light receiving module 80 has a 
so-called chip-on-chip structure, wherein the light re- 
ceiving element array 1 6 is layered onto the amp 1 8, but 
it is also possible to adopt a structure wherein the amp 

25 18 and light receiving element array 16 are placed 
alongside each other and sealed by a resin covering 
section. 

Moreover, in the light receiving module 80, the up- 
per surface of the covering section is flat. However, it is 

30 also possible to form a recess section in a position on 
the upper surface of the covering section directly above 
the iight-receiving sections of the light receiving ele- 
ments in the light receiving element array, similarly to 
the light receiving module 70 in the fourth embodiment. 

35 in this case, no lenses are required. If a recess section 
of this kind is formed, it is extremely easy to register the 
position of the end of an optical fiber with respect to the 
light-receiving sections. 

40 (Sixth embodiment) 

Next, a light receiving module 100 according to a 
sixth embodiment will be described with reference to 
Figs. 12-14. 

45 .-Fig. 1 2 is a schematic perspective view showing the 
external appearance of a light receiving module 100 ac- 
cording to a sixth embodiment. Fig. 13 is a schematic 
cross-sectional view of a state where the light receiving 
module 100 is installed in a casing. 

50 As illustrated in Fig. 12, the light receiving module 
100 comprises a substrate 102, an amp 104, which 
forms a current control section, mounted on the sub- 
strate 102, and a light receiving element 106, which is 
an optical element mounted on the amp 104. A wiring 

55 pattern 1 08 is formed on the upper surface 1 02a of the 
substrate 1 02. The amp 1 04 is fixed to the substrate 1 02 
by bonding involving bumps, such that it connects with 
the wiring pattern 108. A bonding pattern is formed on 
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the upper surface of the amp 1 04 and the fight receiving 
element 106 is bonded to this bonding pattern by means 
of bumps 107. The light receiving element 106 is a sur- 
face-type light receiving element, and in the light receiv- 
ing module 100, it is mounted to the amp 104 such that 5 
its light-receiving surface faces in the opposite direction 
to the amp 104. Furthermore, the sides of the light re- 
ceiving element 106 and the upper surface of the amp 
104 are coated with resin. 

As shown in Fig. 1 3.. the light receiving module 1 00 10 
having the foregoing structure is installed in a casing 
110. One end of the substrate 102 is positioned outside 
the casing 110, and the wiring pattern 108 fabricated in 
this region forms an external terminal of the light receiv- 
ing module 1 00. The end of an optical fiber 1 1 2 is posi- ?5 
tioned inside the casing 1 1 0. The optical fiber 1 1 2 is po- 
sitioned such that light emitted from the optical fiber 1 1 2 
arrives at the light-receiving surface of the light receiving 
element 106 in a highly efficient manner. 

In the light receiving module 1 00 having the forego- 20 
ing structure, a so-called chip-on-chip structure is 
adopted : wherein the light receiving element 106 is 
mounted on the amp 1 04. Therefore, the vertical dimen- 
sions are reduced, and compactification becomes pos- 
sible. Moreover the light receiving element 106 is con- 25 
nected to the amp 104 via bumps 107 ; the transmission 
path is shortened and high-frequency transmission be- 
comes possible. Furthermore, since a wiring pattern 108 
formed on the substrate 1 02 is used as an external ter- 
minal, the casing can be simplified, and installation onto 30 
the casing is also simplified. 

In the light receiving module 100, the substrate 102 
is used as a holding section for holding the amp 104. 
However, a lead frame, tape carrier or the like, as de- 
scribed in the foregoing embodiment may be used as 35 
the holding section. Furthermore, silver paste bonding 
may be used for the process of bonding the amp to the 
substrate. 

The light receiving module 100 can be combined 
with an optical fiber 114, wherein the end of the optical 40 
fiber is severed at an angle of 45° to the axis of the op- 
tical fiber and the direction of the light emitted from the 
optical fiber is perpendicular to the axis of the optical 
fiber, in this case, as illustrated in Fig. 14, the light re- 
ceiving module 100 is positioned inside the casing 116 45 
such that the end of the optical fiber 114 and the light 
receiving element 106 lie mutually in parallel. ->» 

(Seventh embodiment) 

so 

Next, a light receiving module 120 according to a 
seventh embodiment will be described with reference to 
Fig. 15 and Fig. 16. 

Fig. 15 is a schematic sectional view showing the 
internal structure of a light receiving module 1 20 accord- 55 
ing to a seventh embodiment. Fig. 16 is a schematic 
cross-sectional view showing a state where the light re- 
ceiving module 120 is installed in a casing. 


As shown in Fig. 15, the tight receiving module 1 20 
comprises a frame 122, which is a plate-shaped body 
made of copper an amp 124, forming a current control 
section, which is mounted to the frame 122, and a light 
receiving element 126, which is an optical element 
mounted on the amp 124. A wiring pattern is formed on 
the upper surface 1 22a of the frame 1 22. The amp 1 24 
is fixed to the frame 122 by dice bonding such that it 
contacts the wiring pattern. A bonding pattern is formed 
on the upper surface 1 24a of the amp 1 24 t and the light 
receiving element 126 is bonded to this bonding pattern 
by means of bumps 1 27. The light receiving element 1 26 
is a surface-type light receiving element, and in the light 
receiving module 1 20.. it is mounted to the amp 1 24 such 
that the light-receiving surface thereof faces in the op- 
posite direction to the amp 124. 

The light receiving module 120 comprises the amp 
1 24, the light receiving element 1 26 and a covering sec- 
tion 1 28 which covers the portion of the frame 1 22 wher- 
eon the amp 124 is fixed. The covering 'section 128 is 
formed by transfer moulding using transparent epoxy 
resin. As shown in Fig. 1 5, the covering section 1 28 has 
a form comprising laminated rectangles of different siz- 
es : and a stepped portion 128a is formed at the perim- 
eter thereof. This stepped portion 128a functions as a 
first coupling section when installing the light receiving 
module 1 20 onto the casing. The portion of the covering 
section 128 which covers the light-receiving section of 
the light receiving element 1 24 is taken as a lens section 
128b formed in a convex shape. This lens section 1 28b 
is composed such that light emitted from an optical fiber 
1 30 is directed to the light-receiving section of the light 
receiving element 126. 

The light receiving module 1 20 having the foregoing 
structure is installed in a casing 1 32 as illustrated in Fig. 
1 6. An opening 1 32a is formed in the casing 1 32 in order 
to install the light receiving module 120. In the edge re- 
gion of the opening 1 32a, there is formed a stepped por- 
tion (second coupling section) 1 32b having complemen- 
tary dimensions and shape to the stepped portion 128a 
of the covering section 1 28 in the light receiving module 
120. Therefore, the light receiving module 120 is in- 
stalled in the casing 1 32 by coupling the stepped portion 
(first coupling section) 128a of the covering section 128 
with the stepped portion (second coupling section) 1 32b 
of the casing 1 32. One end of the frame 1 22 is located 
outside the casing 1 32, and the wiring pattern fabricated 
on this region forms an external terminal of the light re- 
ceiving module 120. The end of an optical fiber 130 is 
positioned inside the casing 132. This optical fiber 130 
is positioned such that light emitted from the optical fiber 
130 arrives at the light-receiving surface of the Sight re- 
ceiving element 1 26 in a highly efficient manner. 

In the light receiving module 1 20 having the forego- 
ing structure, a stepped portion 128a is formed in the 
covering section 128. Therefore, when the stepped por- 
tion 126a is installed in a casing having a stepped por- 
tion of complementary shape, the light receiving module 
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120 and the casing are positioned with respect to each 
other simply by coupling the two stepped portions. 

Furthermore, a lens 128b is formed in the covering 
section 12S. Therefore, the light from the optical fiber 
130 can be directed to the light receiving element 126 
with good efficiency without providing a separate lens. 

The light receiving module 120 adopts a so-called 
chip-on-chip structure : wherein the light receiving ele- 
ment 126 is mounted on the amp 124. Therefore, the 
vertical dimensions thereof are reduced and compacti- 
fication becomes possible. Furthermore, since the light 
receiving element 126 is connected to the amp 124 by 
means of bumps 127, the transmission path is short- 
ened and high-frequency transmission becomes possi- 
ble. Moreover, since the wiring pattern formed on the 
frame 1 22 can be used as an external terminal, the cas- 
ing can be simplified and installation onto the casing can 
also be simplified. 

A different metal material, such as 42 alloy for ex- 
ample, can also be used for the frame 122. 

(Eighth embodiment) 

Next, a light receiving module 140 according to an 
eighth embodiment will be described with reference to 
Fig. 17 and Fig. 18. 

Fig. 1 7 is a schematic perspective view showing the 
external appearance of a light receiving module 1 40 ac- 
cording to an eighth embodiment. Fig. 1 8 is a schematic 
view showing a state where the light receiving module 
140 is installed in a casing. 

As shown in Fig. 17, the light receiving module 140 
comprises a substrate 142, which is a plate-shaped 
body made of copper an amp 144, forming a current 
control section, which is mounted on the substrate 142, 
and a light receiving element 146, which is an optical 
element mounted on the amp 1 44. The amp 1 44 is fixed 
to the substrate 142 by dice bonding such that it con- 
nects with the wiring pattern. A bonding pattern is 
formed on the upper surface 144a of the amp 144 and 
the light receiving element 1 46 is bonded to this bonding 
pattern by means of bumps 148. The light receiving el- 
ement 1 46 is a surface-type light receiving element, and 
in the light receiving module 140, it is mounted on the 
amp 1 44 such that its light-receiving surface faces in the 
opposite direction to the amp 1 44. 

As shown in Fig. 1 7, the substrate 1 42 is composed 
by laminating two substrates 142a, 142b (e.g., ceramic 
substrates) of different sizes. Therefore, a first step sec- 
tion 142c is formed surrounding the upper, smaller sub- 
strate 1 42b. This first step section 1 42c serves as a cou- 
pling section when installing the light receiving module 
140 in a casing. A wiring pattern 145 is formec on the 
upper surface of the lower, larger substrate 142a. The 
sides of the light receiving element 146 and the upper 
surface 144a of the amp 144 are coated with a resin. 

The light receiving module 140 having the foregoing 
structure is installed in a casing 149 as shown in Fig. 


1 8. An opening 1 49a is formed in the casing 1 49 in order 
to install the light receiving module 140. In the edge re- 
gion of the opening 1 49a, there is formed a second step 
section 149b of complementary dimensions and shape 

5 to the first step section 1 42c in the substrate 1 42 of the 
light receiving module 1 40. Therefore, the light receiving 
module 140 is installed in the casing 149 by coupling 
the first step section 142c of the substrate 142 with the 
second step section 149b of the casing 149. One end 

io of the substrate 142 is located outside the casing 149, 
and the wiring pattern fabricated in this region forms the 
external terminal of the light receiving module 140. The 
end of an optical fiber 1 50 is positioned inside the casing 
149. The optical fiber 150 is positioned such that light 

is emitted from the optical fiber 1 50 arrives at the light-re- 
ceiving surface of the light receiving element 146 in a 
highly efficient manner. 

In the light receiving module 1 40 having the forego- 
ing arrangement, a first step section 142a is formed in 

20 the substrate 142. Therefore, when installing it in a cas- 
ing having a stepped portion of complementary shape 
to the first step section 142c, the light receiving module 
140 and the casing 148 are positioned with respect to 
each other simply by coupling the two step sections. 

25 The light receiving module 1 40 has a so-called chip- 
on-chip structure, wherein the light receiving element 
1 46 is mounted on the amp 1 44. Therefore, the vertical 
dimensions thereof are reduced and compactification 
becomes possible. Furthermore, since the light receiv- 

30 jng element 1 46 is connected to the amp 1 44 by means 
of bumps, the transmission path is shortened and high- 
frequency transmission becomes possible. Moreover, 
since the wiring pattern formed on the substrate 142 is 
used as an external terminal, the casing can be simpli- 

35 fied, and installation onto the casing can also be simpli- 
fied. 

(Ninth embodiment) 

40 Next, a light receiving module 160 according to a 
ninth embodiment is described with reference to Fig. 1 9 
and Fig. 20. 

Fig. 19 is a schematic side view illustrating the 
structure of a light receiving module 160 according to a 
45 ninth embodiment. Fig. 20 is a schematic perspective 
view showing the shape of an amp used in the arrange- 
ment of this light receiving module 160. 

As shown in Fig. 1 9, the light receiving module 1 60 
comprises an amp 162, which forms a current control 
50 section, and a light receiving element 164, which is an 
optical element, mounted on the amp 162. 

A bonding pattern is formed on the upper surface 
162a of the amp 162, and the light receiving element 
164 is bonded to this bonding pattern by means of 
55 bumps 166. The light receiving element 164 is an end 
face-type light receiving element. 

Furthermore, as shown in Fig. 20, a groove 168 
having a V-shaped cross-section is formed on the upper 
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surface 1 62a of the amp 1 62. The amp "i 62 has a struc- 
ture wherein it is formed into an IC and incorporated into 
a semiconductor substrate of Si. or the like. The groove 
168 is formed in a region which is not used for the sub- 
strate circuit. 5 

As illustrated in Fig. 19, the groove 168 can accom- 
modate, in its longitudinal direction the end portion of 
an optical fiber 170 which is combined with the light re- 
ceiving module 160, and it is formed such that the centre 
of the core of the optical fiber 1 70 accommodated there- io 
in is aligned with the light-receiving section of the light 
receiving element 164 mounted on the amp 162. 

The groove 168 is formed by anisotropic etching, 
before fabricating the amp circuit onto the substrate. 

As shown in Fig. 19 : the light receiving module 160 is 
having the foregoing arrangement is combined with an 
optical fiber 170 by accommodating the end portion of 
the optical fiber 1 70 in the groove 1 68 and fixing this end 
portion therein. 

In the light receiving module 1 60 having the forego- 20 
ing structure, positional registration between the optical 
fiber 1 70 and the light receiving element 1 64 is complet- 
ed simply by accommodating the end portion of the op- 
tical fiber 170 in the groove 168 in the amp 162. 

Furthermore, the light receiving module 160 has a 25 
so-called chip-on-chip structure, wherein the light re- 
ceiving element 1 64 is mounted on the amp 1 62. There- 
fore, the vertical dimensions thereof are reduced, and 
compactification becomes possible. Furthermore, since 
the light receiving element 164 is connected to the amp 30 
162 by means of bumps 166, the transmission path is 
shortened and high-frequency transmission becomes 
possible. 

(Tenth embodiment) 35 

Next, a light receiving module 180 according to a 
tenth embodiment of the present invention is described 
with reference to Fig. 21 and Fig. 22. 

Fig. 21 is a schematic perspective view showing the 40 
structure of a light receiving module 180 according to 
the tenth embodiment. Fig. 22 is a schematic side view 
of the light receiving module 180. 

As shown in Fig. 21, the light receiving module 180 
comprises a plate-shaped member 182, which consti- 4S 
tutes a holding section. The plate-shaped member 182 
is formed by a silicon wafer, and it has a rectangular 
plate-shaped form. 

One side 182a of the plate-shaped member 182 is 
obliquely formed with respect to the plane which inter- so 
sects perpendicularly with the upper surface 182b and 
the lower surface 182c of the plate-shaped member 
182. This oblique side 182a is formed along a silicon 
crystal surface of the plate-shaped member, which con- 
sists of a silicon wafer, and the angle 6 between this sur- ss 
face and the lower surface 182c is 45°. This is because 
in the silicon wafer, the crystal surface of the silicon 
forms an angle of 45° with respect to the upper surface 


and lower surface of the wafer. The oblique surface is 
formed using an etching liquid or dicing saw, etc. capa- 
ble of selective etching along the crystal surface. 

A light receiving element array 184 is mounted on 
the oblique side 182a by means of dice bonding. The 
light receiving element array 184 contains a plurality of 
light receiving elements (not shown) aligned in a row. 
The light receiving elements are elements which gener- 
ate an electric current in response to received light. The 
light receiving elements in the light receiving element 
array 184 are surface-type light receiving elements, and 
in the light receiving module 180, the light receiving el- 
ement array 184 is mounted on the plate-shaped mem- 
ber 1 82 such that the light-receiving surfaces of the light 
receiving elements face in the opposite direction to the 
side 182a of the plate-shaped member 182. 

In this embodiment, the light receiving element ar- 
ray 184 has generally the same dimensions and shape 
as the side 182a. 

As illustrated in Fig. 21 and Fig. 22; an amp 186, 
forming a current control section, is built into the upper 
surface 182b of the plate-shaped member 182. In other 
words, the amp 186 is located in the upper portion of the 
plate-shaped member 182. The amp 186 is composed 
such that it amplifies, and converts the voltage of, the 
current generated by the light receiving elements. 

On the upper surface 182b of the plate-shaped 
member 1 82, there are provided a plurality of first wiring 
pads 188 for making electrical connection to the light 
receiving element array 184, and a plurality of second 
wiring pads 1 90 for extracting the photoelectric current 
amplified by the amp 186. The first and second wiring 
pads 188, 190 are provided corresponding to each of 
the light receiving elements in the light receiving ele- 
ment array 184. The amp 186 and the wiring pads 188, 
1 90 are electrically connected inside the plate-shaped 
member 182. 

When manufacturing the light receiving module 
180.. after vapour deposition of gold (Au) onto the ob- 
lique side 182a t the light receiving element array 184 is 
dice bonded onto this gold-deposited surface using sol- 
der, or the" like. The gold-deposited surface is used as 
an electrode for the light receiving elements. Thereup- 
on, each of the light receiving elements and their corre- 
sponding first wiring pads 1 88 are electrically connected 
by wire bonding using metal wires 192, for example. 

In the light receiving module having the foregoing 
structure, the amp 186 is positioned within the plate- 
shaped member, and therefore the height of the plate- 
shaped member 182 is dependent solely on the length 
of the shorter edges of the light receiving element array 
184. Therefore, it is possible to achieve compactification 
of the light receiving module. 

(Eleventh embodiment) 

Next, a light receiving module 200 according to an 
eleventh embodiment is described with reference to Fig. 
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23. 

Fig. 23 is a schematic perspective view showing the 
structure of a light receiving module 200 according to 
an eleventh embodiment. 

As shown in Fig. 23 : the light receiving module 200 
comprises a plate-shaped member 202 : which consti- 
tutes a holding section. The plate-shaped member 202 
is made from ceramic, and has a rectangular plate- 
shaped form. One side 202a of the plate-shaped mem- 
ber 202 is angled obliquely with respect to the plane in- 
tersecting perpendicularly with the upper surface 202b 
and lower surface 202c of the plate-shaped member 
202. 

A light receiving element array 204 is mounted on 
the obliquely angled side 202a by means of dice bond- 
ing. The light receiving element array 204 contains a plu- 
rality of light receiving elements (not shown) aligned in 
a row. The light receiving elements are elements which 
generate electric current in response to received light. 
The light receiving elements in the light receiving ele- 
ment array 204 are surface-type light receiving ele- 
ments, and in the light receiving module 200, the light 
receiving element array 204 is mounted on the plate- 
shaped member 202 such that the light-receiving sur- 
faces of the light receiving elements surface in the op- 
posite direction to the side 202a of the plate-shaped 
member 202. 

As illustrated in Fig. 23, an amp 206 forming a cur- 
rent control section, is provided on the upper surface 
202b of the plate-shaped member 202. In this embodi- 
ment the amp 206 is a chip-shaped structure forming 
an integrated circuit approximately 350 jam thick, and it 
is composed such that it amplifies, and converts the volt- 
age of, the current generated by the light receiving ele- 
ments. 

A pattern is formed by metal plating onto the surface 
of the plate-shaped member 202. This pattern compris- 
es an amp pattern 208 formed on the upper surface 
202b of the plate-shaped member 202 : a first wiring pat- 
tern 210 for connecting the amp 206 and the light re- 
ceiving element array 204 ; a second wiring pattern 212 
for extracting an output current from the amp 206, and 
a light receiving element array pattern 214. 

When manufacturing the light receiving module 
200, a chip fixing agent, such as solder or silver paste, 
is coated onto the light receiving element array pattern 
214, and the light receiving element array 204 is dice 
bonded thereonto. Furthermore, a chip fixing agent, 
such as solder or silver paste, is coated onto the amp 
pattern 208, and the amp 206 is dice bonded thereonto. 
Thereupon, each of the light receiving elements and the 
corresponding first wiring pads 210 are electrically con- 
nected by wire bonding using metal wires 216, for ex- 
ample. Furthermore, the amp 206 is electrically con- 
nected to the first wiring pattern 210 and the second wir- 
ing pattern 212 by wire bonding using metal wires 218, 
for example. 


(Twelfth embodiment) 

Next, a light receiving module 220 according to 
twelfth embodiment will be described with reference to 
5 Fig. 24 and Fig. 25. This light receiving module 220 has 
essentially the same structure as the light receiving 
module 200 according to the eleventh embodiment. 
Therefore, here, only points which differ from the light 
receiving module 200 according to the eleventh embod- 

10 iment are described, and points which are the same as 
the light receiving module 200 according to the eleventh 
embodiment are given the same reference numerals as 
the light receiving module 200 and detailed description 
thereof is omitted here. 

Fig. 24 is a schematic perspective view showing the 
arrangement of a plate-shaped member 222, which is a 
holding section provided in the light receiving module 
220 according to the twelfth embodiment. Fig. 25 is a 
schematic vertical cross-sectional view showing the 

20 structure of the light receiving module 220 according to 
the twelfth embodiment. 

As illustrated in Fig. 24, a recess section 224 of a 
shape and dimensions for accommodating an amp 206, 
which forms a current control section, is fabricated in the 

25 upper surface 222b of the plate-shaped member 222. A 
iight-emitting element 204 is provided on the oblique 
side 222a of the plate-shaped member 222 through the 
pattern 214 coated thereon. An amp pattern 226 is 
formed by metal plating on the base 224a of this recess 

30 section 224. 

In the light receiving module 220, an amp 206 is 
mounted on the amp pattern 226 in the recess section 
224. Therefore, the amp 206 is mounted on the upper 
surface of the plate-shaped member 222 in a state 

35 whereby it is accommodated completely inside the re- 
cess section 224. 

After accommodating the amp 206 in the recess 
section 224, in order to raise environmental resistance, 
and especially, humidity resistance, the recess section 

40 224 is sealed by silicon resin, or the like. 

Since the amp 206 is positioned inside the plate- 
shaped member 222, the light receiving module 220 
having the foregoing structure can be compactified. 

45 (Thirteenth embodiment) 

Next, a light receiving module 230 according to a 
thirteenth embodiment is described with reference to 
Fig. 26 and Fig. 27. 

50 Fig. 26 is a schematic vertical cross-sectional view 
showing the structure of a plate-shaped member 232, 
which is a holding section of the light receiving module 
according to the thirteenth embodiment: Fig. 27 is an 
enlarged perspective view showing a portion of the 

55 plate-shaped member 232 of the light receiving module 
230. 

As shown in Fig. 26, in the light receiving module 
according to the thirteenth embodiment, the approxi- 
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mately rectangular plate-shaped member 232 has a 
laminated structure comprising a lower ceramic layer 
234, a film capacitor 236, and an upper ceramic layer 
23S. 

Furthermore, as illustrated in Fig. 26 and Fig. 27 t s 
one side of the plate-shape member 232 is set as an 
oblique surface 232a, similarly to the tenth embodiment. 
A light receiving element array pattern 240 on which a 
light receiving element array is mounted : is formed, by 
metal plating., for example, on this oblique surface 232a. 10 

Moreover, a power supply pattern 242, an amp pat- 2. 
tern 244 and a ground pattern 246 are formed by metal 
plating, for example, onto the upper surface 232b of the 
plate-shaped member 232. 

A first through-contact 248 connecting the power '5 
supply pattern 242 with one surface of a film capacitor 3. 
236, and a second through-contact 250 for connecting 
the ground pattern 246 with the other surface of the film 
capacitor 236 : are provided such that the capacitance 
between the power supply and the ground is protected. 20 

A light receiving element array and amp are mount- 
ed on the plate-shaped member 232 having the forego- 
ing structure, and wiring is implemented, similarly to the 4. 
light receiving module according to the tenth embodi- 
ment, for example. 25 

In the light receiving module according to the thir- 
teenth embodiment comprising the plate-shaped mem- 
ber 232 having the foregoing structure, capacitance can 
be protected by means of a film capacitor provided in 
the plate-shaped member, which forms a holding sec- 20 
Won. Therefore, capacitance can be ensured without re- 
stricting the number of elements mounted on the surface 
of the holding section or increasing the dimensions of 5. 
the light receiving module. 

,-The present invention is not limited to the afore men- 35 ■.] 
tioned embodiments, and a variety of alterations and 
modifications are possible, provided that these lie within 6. 
the scope of the claims. For example, the aforemen- 
tioned embodiments relate to a light receiving module, 
wherein a light receiving element is used as the optical 40 
element, and an amp is used as the current control sec- 
tion. However, the present invention can also be applied 
to an optical module (light-emitting module) which uses 
a light-emitting element, such as a semiconductor laser 
element, or the like, as an optical element, and a driver 45 
IC : as a current control section. 1 

As described above, according to the present in- 7. 
vention, a compactified optical module is provided. 

50 

Claims 8. 

1. An optical module(10; 40; 50; 70; 160; 200; 220; 
230) comprising: 

55 9, 

an optical element(l6; 184: 204); 

a current control section(18; 186; 206); and 

a holding section (12, 14; 42, 44; 52, 54) wher- 


eon said optical element and said current con- 
trol section are provided, 
wherein said holding section comprises a first 
surface and a second surface located in a plane 
intersecting with the plane containing said first 
surface; and 

said optical element is provided on said first 
surface and said current control section is pro- 
vided on said second surface. 

The optica! module according to claim 1 , wherein 
said first surface and said second surface are re- 
spectively located in planes which are substantially 
perpendicular to each other. 

The optical module according to claim 1, wherein 
said holding section comprises a flexible sheet- 
shaped carrier (14; 44: 54), to the surface of which 
said optical element and said current control section 
are fixed, and a holding member (12; 42; 52) for 
holding said sheet-shaped carrier. 

The optical module according to claim 3, wherein 
said holding member (12; 42; 52) has a schematicly 
rectangular shape, the portion of said sheet-shaped 
carrier (14; 44; 54) whereon said current control 
section is fixed is positioned on one surface of said 
holding member, and the portion of said sheet- 
shaped carrier whereon said optical element is fixed 
is positioned on a surface of said holding member 
adjacent to said one surface. 

The optical module according to claim 4, wherein 
one surface of said holding member is the top sur- 
face (12a) of said holding member, 

The optical module according to claim 3, wherein 
said optical element (16) is fixed to one surface of 
said sheet-shaped carrier and said current control 
section is fixed to another surface of said sheet- 
shaped carrier, a recess section (46) is provided in 
said holding member (42), and said sheet-shaped 
carrier (44) is held by said holding member such 
that said current control section is accommodated 
in said recess section. 

The optical module according to claim 1 , comprising 
an optical element sealing section (58; 72) for seal- 
ing said optical element. 

The optical module according to claim 7, wherein 
said optical element sealing section is formed by 
transfer moulding using transparent resin. 

The optical module according to claim 8, wherein a 
recess (74) for inserting the end of an optical fiber 
(76) is provided in said optical element sealing sec- 
tion (72). 
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10. The optical module according to claim 9, wherein 
the lower surface (74a) of said recess is provided 
with a shape and dimensions corresponding to the 
end of an optical fiber (76). 

5 

1 1 . The optical module according to claim 1 : comprising 
a current control section sealing section (60) for 
sealing said current control section. 

12. The optical module according to claim 1 : wherein to 
said optical element is a light receiving element and 
said current control section is an amplifier. 

13. The optical module according to claim 1 , wherein 
said optical element is a light-emitting element, and ?5 
said current control section is a driver IC. 

14. The optical module according to claim 1 : wherein 
said holding section is a plate-shaped member 
(182; 202), said first surface is one side (182a; 20 
202a) of said plate-shaped member, said second 
surface is the upper surface (182b; 202b) of said 
plate-shaped member, and said current control sec- 
tion (186) is incorporated in the upper surface of 
said plate-shaped member. 25 

15. The optical module according to claim 14 : wherein 
said one side (182a; 202a) is a plane angled ob- 
liquely with respect to the plane intersecting per- 
pendicularly with the lower surface (182c; 202c) of 30 
said plate-shaped member. 

16. The optical module according to claim 15, wherein 
said plate-shaped member is a silicon wafer and 
said obliquely angled surface is a plane formed 35 
along a crystal surface of the silicon wafer. 

17. The optical module according to claim 14, wherein 
said optical element is a light receiving element 
(184; 204), and said current control section is an *o 
amplifier (186: 206). 

18. The optical module according to claim 14 : wherein 
said optical element is a light-emitting element (184; 
204), and said current control section is a driver IC. 45 

19. The optical module according to claim 1 S wherein 
said holding section is a plate-shaped member 
(222; 232), said first surface is one side (222a; 
232a) of said plate-shaped member, said second so 
surface is the upper surface (222b; 232b) of said 
plate-shaped member, and said current control sec- 
tion (206) is mounted directly on the upper surface 

of said plate-shaped member. 

55 

20. The optical module according to claim 19, wherein 
a recess section (224) capable of accommodating 
said current control section (206) is formed in said 


upper surface, and said current control section is 
positioned in said recess section. 

21. The optical module according to claim 20 ; wherein 
said one side (222a; 232a) is a surface angled ob- 
liquely with respect to the plane intersecting per- 
pendicularly with the lower surface of said plate- 
shaped holding member (222; 232). 

22. The optical module according to claim 21, v/herein 
said plate-shaped member comprises, internally, a 
capacitor (236) for preventing oscillation of said op- 
tical element. 

23. The optical module according to claim 19, wherein 
said optical element is a light receiving element 
(204), and said current control section is an ampli- 
fier (206). 

24. The optical module according to claim 19, wherein 
said optical element is a light-emitting element, and 
said current control section is a driver IC. 

25. An optical module (80; 100; 120; 140; 160) compris- 
ing: 

an optical element (16: 106; 126; 146; 164); 
a current control section (18; 104; 124; 144; 
162): and 

a holding member (82; 102; 122, 128: 142) for 
holding said optical element and said current 
control section, 

wherein said current control section is provid- 
ed on said holding member and said optical element 
is provided on the upperside or active area side sur- 
face (18a; 122a) of said current control section. 

26. The optical module according to claim 25, wherein 
said optical element (1 06) is bonded to said current 
control section (1 04) by means of bumps (1 07; 1 27; 
148: 166). 

27. The optical module according to claim 25, wherein 
said holding member comprises a metal plate, and 
said current control section is provided on said met- 
al plate. 

28. The optical module according to claim 25, wherein 
a first step section (128a; 142c) is formed by said 
holding member (128), further comprising a casing 
(1 32; 1 49) having an opening (1 32a; 1 49a) wherein 
a second step section (132b; 149b) of a comple- 
mentary shape to said first step section is provided 
around the perimeter of said opening. 

29. The optical module according to claims 25, further 
comprising a covering section (128) for covering 
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said optical element and current control section. 

30. The optical module according to claim 29 : wherein 
a first coupling section (1 2Sa) is formed by said cov- 
ering section (128), further comprising a casing s 
(132) having an opening (132a) wherein a second 
coupling section (132b) of a complementary shape 

to said first coupling section is provided around the 
perimeter of said opening. 

10 

31. The optical module according to claim 25 t wherein 
said optical element is an optical element (126) 
comprising a light-receiving section or light -emitting 
section on an end surface thereof, and a groove 
(168) for accommodating the end portion of an op- 1 $ 
tical fiber (1 70) is formed on the upperside or active 
area side surface of said current control section 
(162). 

32. The optical module according to claim 31 , wherein 20 
said groove has a V-shaped cross-section. 

33. The optical module according to claim 25, wherein 
said optical element is a light receiving element, and 
said current control section is an amplifier. 25 

34. The optical module according to claim 25, wherein 
said optical element is a light-emitting element, and 
said current control section is a driver IC. 

30 
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(54) Optical module 


(57) The object of the present invention is to provide 
a compactified optical module (10: 40; 50; 70; 180; 200; 
220: 230). The light receiving module according to the 
present invention is a light receiving module comprising 
an optical element (1 6; 1 84; 204), current control section 
(18; 186; 206), and holding section (12, 14; 42, 44; 52 : 


54), on which the optical element and current control 
section are provided, wherein the holding sections, 
comprise a first surface and a second surface located 
in a plane intersecting with the plane containing the first 
surface, and the optical element is provided on the first 
surface and the current control section is provided on 
the second surface. 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 


1. Claims: 1-24 

An optical module comprising an optical element and a 
current control section, both mounted on different sides of 
a holding block, said sides are situated in intersecting 
planes. 


2. Claims: 25-34 

An optical module comprising an optical element and a 
current control section, said optical element mounted on top 
of said current control element. 
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